Mechanistic studies of 9-ethynylphenanthrene-inactivated cytochrome P450 2B1.
The mechanism of inactivation of the major phenobarbital-inducible cytochrome P450 of rat liver, P450 2B1, by 9-ethynylphenanthrene (9EPh) has been investigated. Matrix-assisted laser desorption ionization-mass spectrometry analysis of the cyanogen bromide-generated peptides from 9EPh-inactivated P450 2B1 confirmed the addition of a phenanthrylacetyl group to the peptide corresponding to residues 290 to 314. When this peptide was further digested with pepsin, the site of attachment could be assigned to one of the amino acids in the peptide Phe297 to Leu307 [Roberts, E. S., Hopkins, N. E., Zaluzec, E. J., Gage, D. A., Alworth, W. L., and Hollenberg, P. F. (1995) Arch. Biochem. Biophys. 323, 000-000]. The inactivation by 9EPh resulted in a 90-95% loss in the NADPH-supported deethylation of 7-ethoxy-4-trifluoromethylcoumarin (EFC), but had no effect on the iodosobenzene- or cumene hydroperoxide-supported metabolism of EFC. The loss of NADPH-supported activity was not affected by the addition of cytochrome b5 or the presence of excess levels of reductase. The magnitude of the Type 1 spectral change upon the addition of benzphetamine was decreased with the 9EPh-modified protein. There was no decrease in the ability of modified 2B1 to form the steady-state level of the CO-reduced complex either enzymatically with NADPH and reductase or chemically with sodium dithionite, but the rate of reduction by reductase under anaerobic conditions was 57% that of native protein in the absence of substrate and 35% that of native protein in the presence of substrate. The 9EPh-modified 2B1 had an overall slower rate of NADPH oxidation, H2O2 formation, and formaldehyde formation during metabolism of benzphetamine compared to native 2B1. The ratio of H2O2 to HCHO was 1.0:1.0 for the native and 1.6:1.0 for the modified protein. The ability of the modified protein to form the steady-state level of the oxygen-iron complex in the presence of cyclohexane was decreased. These results are consistent with the idea that the covalent modification of one of the residues in the peptide Phe297 to Leu307 by the phenanthrylacetyl group impairs the reduction of P450 2B1 by reductase and also causes the uncoupling of NADPH utilization and oxygen consumption from product formation.